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Abstract
Background: Many newly detected point mutations are located in protein-coding regions o f the human genome. 
Knowledge o f their effects on the protein's 3D structure provides insight into the protein's mechanism, can aid the 
design o f further experiments, and eventually can lead to the development o f new medicines and diagnostic tools. 
Results: In this article we describe HOPE, a fully automatic program that analyzes the structural and functional 
effects o f point mutations. HOPE collects information from a wide range o f information sources including 
calculations on the 3D coordinates o f the protein by using WHAT IF Web services, sequence annotations from the 
UniProt database, and predictions by DAS services. Homology models are built w ith YASARA. Data is stored in a 
database and used in a decision scheme to identify the effects o f a mutation on the protein's 3D structure and 
function. HOPE builds a report w ith text, figures, and animations that is easy to use and understandable for (bio) 
medical researchers.
Conclusions: We tested HOPE by comparing its output to the results o f manually performed projects. In all 
straightforward cases HOPE performed similar to a trained bioinformatician. The use o f 3D structures helps 
optimize the results in terms o f reliability and details. HOPE's results are easy to understand and are presented in a 
way that is attractive for researchers w ithou t an extensive bioinformatics background.
Background
T h e o m ic s -r e v o lu t io n  h as led  to  a rap id  in crea se  in  
detected  d isease-related  hum an m u tations. A  consider­
able fraction  of th ese  m u ta tion s is loca ted  in  prote in -  
co d in g  reg ion s of the g en o m e  and th u s can  affect the  
structure and function  of that protein , thereby causing a 
p h en o ty p ic  e ffec t. K n ow led ge o f th ese  structural and  
fu n ction a l effects can aid the design  of further experi­
m en ts  and can even tu a lly  lead  to  th e  d ev e lo p m en t o f 
b etter  d isease  d ia g n o stic s  or even  m ed ic in es  to  h elp  
cure patien ts. T he analysis of m u tations that cause the  
EEC syndrom e, for exam ple, revealed that som e patients 
carry  a m u ta tio n  th a t d istu rb s d im e r isa t io n  o f  th e  
affected P63 protein  [1]. T h is inform ation  has triggered  
a sea rch  for d ru gs h t tp : //w w w .e p is te m .e u ; [2 ]). In  
an o th er  c a se , th e  s tu d y  o f  a m u ta tio n  in  th e  h u m an
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h em och rom atosis protein  (HFE), w h ich  causes h ered i­
tary hem ochrom atosis, resulted in  new  insights that are 
n o w  b e in g  u sed  to  d evelop  n o v e l d iagn ostic  m eth o d s  
[3 ]. T h ese  and n u m ero u s o th er  ex a m p les have h ig h ­
lig h ted  th e  im p o rta n ce  o f u s in g  h e te r o g e n e o u s  data, 
especially  structure inform ation , in  the study of hum an  
disease-linked protein variants.
The data that can aid our understanding of the under­
lying m echanism  of disease related m utations can range 
from  the protein 's th ree-d im en sion a l (3D ) structure to  
its role in  b iological pathways, or from  inform ation gen ­
erated by m u tagen esis exp erim en ts to  p red icted  fu n c­
tional m otifs. C ollecting all available inform ation related  
to  the p rotein  o f  in terest can be challenging and tim e­
consum ing. It is a difficult task to extract exactly those  
p ie c e s  o f  in fo r m a tio n  th a t can  lead  to  a c o n c lu s io n  
about the effects o f  a m utation. Several online W eb ser­
vers exist that offer help to the (bio)m edical researcher  
in  pred icting  th ese  effects. T h ese  servers u se in form a­
tion  from  a w ide range o f  sou rces to  reach conclusions
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about th e  p a th o g en ic ity  o f  a m u tation . T h e P olyP hen  
server, for exam ple, is w idely used by researchers to pre­
d ict the p ossib le  im pact o f  an am ino acid su b stitu tion  
on  th e  structure and fu n ctio n  o f  hu m an  p ro te in s [4 ]. 
P olyP hen  co m b in es a su b set o f  th e  U n iP ro t seq u en ce  
features, structural in form ation  (w hen  available), and  
m ultip le seq u en ce alignm ents in  order to  draw con clu ­
sion s about the im pact o f  a m utation  [4 ]. SIFT, on the  
other hand, bases its m utation analysis purely on a m ul­
tiple sequence alignm ent [5]. T h is server gives probabil­
ity  sco res  for each  am ino  acid  type at the p o s itio n  o f  
in terest to  separate th e  h arm less m u ta tio n s from  d is­
ease-causing ones. T he A L A M U T  softw are h ttp://w w w . 
in tera c tiv e -b io so ftw a re .co m / is w id e ly  used  in  hum an  
g en e tic s  research  groups. It fo cu ses  on  m aking m any  
form s o f  software and databases available to their users. 
T he A LA M U T  system  also autom atically calls the Poly- 
P hen W eb  server as part o f  its d ecis ion  process. A LA - 
M U T  is n o t available as a W eb  server. P olyP hen , Sift 
and A la m u t all have an e x c e lle n t  track -record  m ake  
existing  data accessib le for (b io)m edical sc ien tist to  aid 
th em  w ith  the in terpretation  o f  m utational effects. W e  
built on  their strengths to  produce the H O PE  softw are 
that w as w ritten  to  optim ally use the advantages o f  the 
novel tools o f the e-Science era.
T h e recen t increase in  data typ es and data vo lu m es  
has g o n e  h an d -in -h an d  w ith  large efforts in  b io in fo r ­
m atics  that have led  to  n u m erou s n ew  databases and  
co m p u ta tio n a l m eth o d s, and in  th is  era o f  e -S c ien ce , 
W eb services provide on -dem an d  access to  th ese facil­
ities [6 - 8]. T he developm ent o f  W eb  services facilitates 
the usage o f external databases and m ethods in in-house  
developed software and eases software m aintenance and 
d e v e lo p m e n t by o u t-so u r c in g  lo g ic  to  W eb  serv ices. 
W eb  serv ices have a series o f  advantages for th e  so ft­
ware developers:
♦ T hey save tim e by reusing program code;
♦ T hey tend to always be up-to-date;
♦ T hey are executed  rem otely, w hich  gives access to  
large am ounts o f  (free) C PU  time, thus not overload­
ing the local machine;
♦ N o  n eed  to  m ain ta in  in -h o u se  data and softw are  
collections.
W eb services also have disadvantages:
♦ Source code o f W eb services often is n ot available;
♦ W eb  se r v ic e s  are n o t  g u a ra n teed  to  a lw ays be  
available.
H O P E  (H ave (y )O u r P ro te in  E xp la in ed ) is a n e x t-  
generation  w eb application for autom atic m utant analy­
sis. W e have d esign ed  H O PE  to  exp la in  th e  m olecu lar
origin o f  a disease related phenotype caused by m utations 
in  h um an  proteins. In th is aspect H O PE resem b les the  
a fo rem en tio n ed  sy stem s (P olyP hen , SIFT, A L A M U T ). 
W ith  HOPE w e have taken the logical n ext step in  the e- 
Science era in  that the data gathering is done using W eb  
services and D A S servers. A dditionally, in  HOPE w e have 
taken a p ro te in  3D  stru cture cen tred  approach. H O PE  
co llects in form ation  from  data sou rces su ch  as the pro­
te in 's  3D  stru ctu re  and th e  U n iP ro t database o f  w e ll-  
annotated  protein  sequences. For each protein  th is data 
is s to red  in  a P o stg reS Q L -b a sed  in fo rm a tio n  sy stem . 
A  d ec is ion  sch em e is used  to  process th ese  data and to  
pred ict the effects o f  the m u tation  on  the 3D  structure  
and the fu n ction  o f  the protein . A  life -sc ien tist friendly  
report is produced that explains and illustrates the effects 
o f the m utation. T h is report is presented  using an in ter­
face that is d esign ed  sp ec ifica lly  for th e  in ten d ed  user  
com m unity  o f hum an genetics researchers. T he report is 
en rich ed  w ith  figu res th at illu stra te  th e  e ffec ts  o f  the  
m u ta tio n , w h ile  any resid u a l b io in fo rm a tics  jargon  is 
lin k ed  to  our in -h o u se , o n lin e  d ic tion ary  o f  b io in fo r ­
m atics jargon. T h e con clu sion s drawn in  the report can  
be used  to  design  fo llow -up  experim en ts and eventually  
can lead to the developm ent o f better diagnostics or even  
m edicines. Figure 1 illustrates the major steps o f  HOPE. 
W e have tested  H O PE on  a series o f  m u tation s that w e  
have previously analyzed manually. In all straightforward  
cases H O PE perform ed equally w ell as a trained protein  
structure bioinformatician.
A va ila b ility .  T he HOPE W eb server is freely available 
on http://w w w .cm bi.ru .n l/hope/.
Results and discussion
Input
T h e in te n d e d  u sers o f  H O PE  are life  s c ie n t is t s  w h o  
n eith er  rou tin e ly  u se p rote in  stru ctu res nor b io in fo r ­
m atics in  their research. T herefore, b oth  HOPE's input 
and its resu lts are designed  to  be in tu itive and sim ple, 
and all softw are used  w ill run w ith  defau lt se ttin g s so  
that the user neither needs to set param eters nor needs  
to read docum entation . A ctually, the user w ill n o t even  
know  w hich  software runs in the background. T he inter­
face o f HOPE is a w ebsite that enables the user to  sub­
m it a seq u en ce  and a m u tation . T h e user can ind icate  
the m utated residue and the new  residue type by sim ple  
m o u se -c lick s . F igure 2 sh o w s th e  in p u t screen , filled  
w ith an exam ple protein sequence and a m utation.
Information retrieval
HOPE uses the subm itted sequence as query for BLAST  
[9] searches against both  the U niProt database [10] and 
the Protein D ata Bank [11]. T he search against the U n i­
Prot database identifies the protein's U niProt entry and 
the a ccess io n  cod e  o f  the p rotein , a u n iq u e id en tifier
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Figure 1 Overview of HOPE'S process flow. The user submits a sequence and a mutation. HOPE willfirst collect information from a wide 
range of information sources. These sources include: WHAT IF for structuralcalculations on either the PDB file or a homology modelthat was 
build by YASARA, HSSP for conservation scores, DAS-servers for sequence-based predictions and Uniprot for sequence annotations. The data is 
stored in HOPE's information system. The data is combined with the known properties of the amino acids in a decision schedule. The result is a 
report shown on the HOPE website that willfocus on the effect of the submitted mutation on the 3D-structure of the protein. The text and 
figures can be used in articles and publications.
that is used  later in  the process to obtain  D A S-p red ic-  
tio n s. A lternatively , it is p ossib le  to  subm it th is acces­
sion  code directly. T he BLAST search  against the PDB 
is required to  find the protein 's structure or a possib le  
tem plate for hom ology m odelling. H O PE uses the actual 
P D B -file  w h en  it c o n ta in s  th e  re s id u e  th a t is to  be  
m u ta ted  and w h en  it is 10 0 % id en tica l w ith  th e  su b ­
m itted  sequence. H O PE identifies am ong m ultiple 100% 
hits the best structure for analysis based on  reso lu tion , 
experim ental m ethod , and length  o f the protein  covered
in the PDB (a full protein  is preferred over a fragm ent). 
N ow adays, 20% o f the hum an seq u en ces available from  
S w issP ro t h ave a (partly) k n o w n  stru c tu re  and for  
a n oth er  30% a h o m o lo g y  m o d e l can  be bu ild . T o  be 
able to  b u ild  a h o m o lo g y  m o d e l, th e  B L A ST  resu lts  
sh ou ld  conta in  the equivalent location  o f  the m utation  
and the percentage seq u en ce iden tity  shou ld  fall above 
th e  S an der and  S ch n e id er  cu rve sh o w n  in  F igu re 3 . 
H o m o lo g y  m o d e llin g  is p erform ed  u sin g  th e  T w in se t  
v e r s io n  o f  Y A S A R A  w h ic h  c o n ta in s  an a u to m a tic
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Figure 2 HOPE's input screen. The user can submit a sequence of interest and indicate the mutated residue with two simple mouse-clicks. In 
this example HOPE willanalyze a leucine to proline mutation on position 25 of the plant protein Crambin.
hom ology m odelling script that requires only a sequence  
as input [12]. T he script fully autom atically perform s the 
m od ellin g  process in clud ing  seq u en ce  a lign m en t, loop  
building, side chain m odelling, and energy m inim ization. 
T his script was the top contestant in  the CASP8 m odel­
ling com petition  in term s o f m odel detail accuracy [13].
The structure o f  the protein o f interest, either a PDB- 
file or a h om ology  m od el, is analyzed usin g  W H A T  IF 
W eb  serv ices  [7 ]. T h ese  serv ices can ca lcu la te  a w id e  
range o f  structural features (e.g. accessib ility , hydrogen  
bonds, salt bridges, ligand or ion  interactions, mutability, 
variability, etc). W h en  neither a 3D  structure nor a p os­
sible m odelling  tem plate is available, H O PE  cannot use 
structural in form ation  and w ill instead base its con clu ­
sion s on ly  on  the seq u en ce related data, and published  
m utation and variation results.
The U niProt database h ttp ://w w w .uniprot.org/ is used  
for the retrieval o f  features that can be m apped on  the  
sequence [14]. T his inform ation includes the location  o f 
active sites, transm em brane d om ain s, secondary stru c­
tu re , d o m a in s, m o tifs , exp er im en ta l in fo rm a tio n , and  
seq u en ce variants. T he U niP rot accession  cod e is used  
to  retr iev e  data fro m  a ser ie s  o f  D A S -serv ers  for  
sequence based predictions such  as possib le phosphory­
lation sites. T he D A S-servers form  a w idely used  system  
for biological sequence annotation [15].
T he conservation  score o f the m utated  residue is cal­
culated from  a HSSP m ultiple sequence alignm ent [16].
Data storage in HOPE
In fo rm a tio n  o b ta in ed  from  th e  p r o te in  stru ctu re  or 
m od el, the U niP rot record, and the D A S-pred ictions is
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The two zones of sequence alignments
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Figure 3 The two zones of sequence alignment identity that 
indicate the likelihood of adopting similar structures. Two
aligned sequences are highly likely to have similar folds if their 
length and percentage sequence identity fallin the region above 
the threshold (black line). HOPE willbuild a homology modelwhen 
the identity between the template and submitted sequence falls in 
this zone. In case the sequence identity is less than 5% above this 
threshold (grey line) HOPE willbuild a modelbut willalso warn that 
the modelis based on a template with low identity. The region 
below the threshold (indicated with a cross) indicates the zone 
where inference of structuralsimilarity cannot be made, thus 
making it difficult to determine if modelbuilding willbe possible. 
(Figure free after Sander and Schneider [25]).
stored in a protein-specific inform ation system  based on  
the PostgreSQ L database system . O ne n ew  inform ation  
system  is produ ced  for each subm itted  protein . D iffer­
ences in the protein  sequence m ight exist betw een data 
sources, for exam ple sequences from  U niProt often con ­
tain the signal peptide w hile the sequences stored in the 
PDB ten d  to lack  these residues. T h erefore, seq u en ces  
obtained from  different sources are aligned u sing C lus- 
ta lW . T h is  en a b les  us to  tran sfer in fo rm a tio n  to the  
res id u e  o f  in te r e s t  w ith o u t  th e  n e e d  to  d ea l w ith  
the residue num bering problem  that results from  these  
se q u e n c e  d ifferen ces . P ro te in  fea tu res  are s to r e d  in  
the inform ation  system  on a per-residue basis, and can  
have one o f the follow ing four data-types:
♦ C ontacts: In teraction  o f  the residue w ith  another  
en tity; for ex a m p le  D N A , a m e ta l- io n , a ligan d , 
hydrogen bond, disulfide bond, salt bridge;
♦ V ariable features: Type w ith  a value: for exam ple, 
accessibility or torsion angle;
♦ Fixed features: Labels a residue (or stretch  o f resi­
dues) w ith  a feature w ith ou t a value. T his ind icates 
that the residue is located  in a dom ain or m o tif (for 
exam ple a residue can be part o f the active site or in 
a transm em brane region);
♦ Variants: M utations or other variations in sequence  
know n at th is position; for exam ple sp lice  variants, 
m utagenesis sites, SNPs.
After a user request has triggered the generation o f an 
in form ation  system  for the protein  o f interest, the sys­
tem  for this protein  is kept on  disk for one m on th  just 
in case the sam e user (or another user for that m atter) 
requests inform ation about other m utations in the sam e 
m olecule. After one m onth  every system  is throw n away 
to  ensure that con clu sion s are never based on  outdated  
in fo rm a tio n . So, th ere  d o es  n o t  rea lly  ex is t a H O P E  
database as all HOPE's data is, in total agreem ent w ith  
e-S cience paradigm s, scattered  over the internet, and is 
each tim e com bined upon request.
Decision scheme
The decision  sch em e in  HOPE u ses all co llected  in for­
m ation  co m b in ed  w ith  k n ow n  p rop erties o f  the w ild ­
type and m utated  am ino acid, such  as size, charge, and  
hydrophobicity, to predict the effect o f the m utation  on  
the protein 's structure and fu nction . T he sch em e c o n ­
sists o f six parts that each correspond to a paragraph in  
the output. Each part analyzes the effect o f the m utation  
on one o f the follow ing aspects o f the residue:
♦ C ontacts. A ny interaction  w ith  other m olecu les or 
a to m s, lik e  D N A , lig a n d s, m eta ls , e tc , b u t a lso  
hydrogen bonds, disulfide bridges, ion ic interactions, 
etc;
♦ Structural dom ain. A ny part o f the protein  w ith  a 
specific nam e (and often function), such as dom ains, 
m otifs , reg ion s, tran sm em b ran e dom ain s, repeats, 
zinc fingers, etc;
♦ M odifications. Features that do n ot d irectly in flu ­
ence the structure o f the protein but m ight influence 
post-translational processes like phosphorylation.
♦ V arian ts . K n ow n  p o ly m o r p h ism s, m u ta g e n e s is  
sites, splice variants, etc;
♦ C onservation: T he relative frequency o f  an am ino  
acid  typ e at each  p o s it io n  tak en  from  a m u ltip le  
sequence alignm ent.
♦ A m in o  ac id  p ro p ertie s: T h e d if fe r e n c e s  in  th e  
know n properties o f the w ild -type and m utant resi­
due (size, charge, hydrophobicity).
HO PE w ill produce its con clu sion s for each  o f these  
six  a sp ec ts  separately . For exam p le , a resid u e can be 
located in a transm em brane dom ain and also be im por­
tant for ligand interaction. HOPE w ill in  this case pro­
duce a paragraph about the effect o f  the m u ta tion  on  
the co n ta c ts  and  a separate paragraph d escr ib in g  th e  
effect o f the m utation  on  the structural location , in  this 
exam ple the transm em brane domain.
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Som e types o f inform ation can be obtained from  m ulti­
ple sources, w h ich  are n o t equally reliable. E xperim en­
tally determ ined features and calculations perform ed on  
the 3D  coordinates are m ore likely to be correct than any 
prediction. For exam ple, transm em brane dom ains can be 
predicted  by a D A S-server w h ich  norm ally w ill produce  
le s s  re liab le  re su lts  th an  th e  a n n o ta t io n s  in  U n iP ro t. 
T h erefore , H O PE  ranks th e  in fo rm a tio n  and u ses  th e  
m o s t  a ccu ra te  so u rce  ava ilab le  for its  c o n c lu s io n s .  
W H A T  IF calculations are preferred, follow ed by UniProt 
a n n ota tion s, and D A S p red ic tio n s are u sed  on ly  w h en  
neither W H A T  IF nor U niProt data are available. In case 
n o  in fo r m a tio n  a b o u t th e  m u ta ted  re s id u e  is fo u n d , 
H O PE w ill sh ow  a con clu sion  based on ly  on  biophysical 
characteristics betw een  the w ild type and m utant am ino  
acid type. T he conservation score is obtained either from  
the H SSP database that h o ld s m u ltip le  seq u en ce  a lign ­
m en ts for all proteins in  the PDB, or through  the HSSP  
W eb services if  a PDB file is n ot available [16].
Output
T he report focuses on the effect o f the m utation  on  the 
3D -structure, and is aim ed at a specific audience in  the 
field o f (bio)m edical science. It show s the m ethods used  
and the sou rces o f  the com bined  inform ation. T h is can  
either be an analysis o f  the real structure or h om ology  
m o d e l, or a p r e d ic t io n  b ased  on  th e  s e q u e n c e . T h e  
results o f the m utation  analyses are illustrated w ith  fig­
ures o f the am ino acids and, if  available, figures and ani­
m a tio n s o f  th e  m u ta tio n  in  th e  structure. T he H O PE  
ou tp u t is rather ex ten sive  and w ay to o  large to  p u t in  
p rin t, in  F igure 4  w e ju s t sh o w  a sm a ll part o f  o n e  
m utation  report. A  series o f  exam ples o f H O PE output 
is available at the "about" section  o f the HOPE pages.
A  HOPE result con sists o f  one H TM L page that co n ­
tains all results. T his m akes it easy for users to  print the 
resu lts , or to  m ake th eir  ow n  W eb -p a g e  w ith  H O PE  
results for long-term  storage.
Test cases
H O PE w as validated  in  a ser ies o f  co llab oration s w ith  
sc ien tis ts  from  d ifferent fie ld s o f  life sc ien ces. E xperi­
en ces  from  th ese  rea l-w orld  exam p les w h ere  u sed  to  
d esig n  and ad ju st th e  d e c is io n  sch em e . So far, m o st  
m u ta tio n  s tu d ie s  in v o lv e d  n o n -s e n s e  and  m isse n se  
m utations. D escrip tion s o f  th ese projects can be found  
at the H O PE w ebsite. T he resu lting reports o ften  co n ­
tain a m olecular explanation o f  the observed phenotype  
that can su ggest further exp erim en ts. T h e m ajority o f  
th e se  p ro jec ts  in c lu d e d  th e  b u ild in g  o f  a h o m o lo g y  
m od el as in  m o st cases no  3D -structure o f  the protein  
o f interest w as available.
W e also validated H O PE's con c lu sion s by com paring  
th e m  w ith  th e  o u tp u t o f  P o ly P h en  and  SIFT. E ven
th ou gh  it is very d ifficu lt to  com pare the resu lts from  
PolyPhen, SIFT, and HOPE, w e can still draw a few  gen ­
eral con clu sion s, that w ill be elaborated  on  in  the fo l­
low ing paragraphs.
Structure adds value
T he use o f a protein's 3D -structure or h om ology  m odel 
in creases the p red iction  quality  in  term s o f  reliab ility  
and detail. T he possib ility  offered by the YASARA soft­
ware to fully autom atically build h igh quality h om ology  
m o d els  in crea ses the n u m b er o f  seq u en ces  for w h ich  
H O PE  can u se  stru ctu re  data. T h e p ro te in  stru ctu re, 
either a PDB-file or a hom ology m odel, can reveal infor­
m a tio n  th at cu rrently  can n ot be p red icted  accurately  
from  sequence alone, such  as ion ic interactions, ligand- 
contacts, etc.
T h e va lu e  o f  th e  extra in fo rm a tio n  th at H O PE  can  
extract from  a protein's structure or m odel is illustrated, 
for ex a m p le , by  th e  L 320P  and  L 347P  m u ta tio n s  in  
ESRBB (see the "about" sec tio n  o f  the H O PE w ebsite). 
A ll W eb  servers co rrec tly  p red ict th e  e ffec t o f  th ese  
m utations as dam aging for the protein. H ow ever, HOPE  
com p letes the story by an exten sive exp lanation  o f  the  
disturb ing effect o f  p ro lin es on  a lp h a-helices. In cases  
for w h ich  no  3D  structure data is available, the three  
W eb servers seem  to  perform  sim ilarly albeit that Poly- 
phen's output often  tends to  be scarce and a bit cryptic 
and SIFT's output is lim ited to conservation scores.
Biomedicist understandable results
HOPE's interface was designed especially  for users that 
w ork in  the (bio)m edical scien ces. Instead o f displaying  
data in  the form  o f detailed tables and num erical values, 
HO PE w rites hu m an  readable reports that exp lain  the  
structural and fu n ction a l e ffects o f  the m u tation , and  
illustrates this w ith  figures and anim ations. W h en  other 
W eb servers list the effects o f a m utation as “Hydropho- 
bicity change a t  buried  site; norm ed  accessibility: 0.00, 
hydrophobicity change: -2 .7 ’. H O PE w ill instead  report 
that “the m uta tion  introduces a less hydrophobic residue 
in the core o f  the protein which can destabilize the struc­
ture". M any m ore exam ples o f  HOPE's readable output 
can be found  at the “about" section  o f  the H O PE w eb ­
site. HOPE's com prehensibility is im proved by the H elp- 
fu n ction  that links difficult b io in form atics keyw ords to  
our ow n in -h ou se  dictionary based on  W ikipedia's so ft­
ware. In th is d ictionary the user can find text, illustra­
tions, and som etim es a short video-clip  that explains the 
keyword.
Conclusions
U pon running 24  test cases, listed on the w ebsite, w e rea­
lised that the present version  o f HOPE is useful and reli­
able in analysing point m utations. T he next generation o f
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Figure 4 Example of HOPE's output. A simplified example of HOPE's output. A) Explanation of the used method (structure, modelling or 
predictions) and links to the relevant databases. B) Text and pictures that explain the differences between the wild-type and mutant residue. 
(Text is left out of this figure for clarity.) C) Paragraph of the report explaining the effect of the mutation on contacts made by the residue, a 
disulfid bond in this case. It contains a link to the wiki-entry 'cysteine” and "disulfid bond”. D) Images/animations that show the effect of the 
mutation on the structure.
HOPE will, how ever, need  to reach a higher level o f data 
in teg ra tio n  to  add ress m ore co m p lica te d  cases. S om e  
answ er m igh t be fou n d  on ly  by com b in in g  the ca lcu la­
tion s w ith  literature data and general kn ow ledge o f  the  
protein's structure function  relations. For exam ple, Poly- 
P hen pred icts the N 2 5 5 D  m u tation  in  Kv1.1 (d iscussed  
in  [17]) as being benign, w hile SIFT show s that this resi­
due is 100% conserved. C om bination  o f  the conservation  
in form ation  w ith  the fact that th is residue is loca ted  in  
th e  v o lta g e  se n so r  o f  th e  ch a n n e l can  re su lt  in  th e
h ypothesis that the m utation  disturbs the channel's v o l­
tage  se n s in g  m e c h a n ism . S u ch  c o n c lu s io n s  are s t ill  
beyond  the capabilities o f  today's W eb  servers, but the  
softw are design  o f  H O PE w ill one day allow  us to  in tro­
duce the features needed  to deal w hich  these m ore com ­
plicated cases.
HO PE is an exam ple o f  the n ew  w ay o f  d oin g  data- 
and so ftw are-in ten sive research in  the era o f  eScience. 
N ow adays, the on g o in g  d evelop m en ts in  experim enta l 
te c h n iq u e s  lik e  h ig h -th r o u g h p u t s e q u e n c in g  w ill
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c o n tin u e  to  p ro d u ce  large a m o u n ts  o f  data and w ill 
therefore dem and  new , further au tom ated  approaches  
to w a rd s th e  an a ly s is  o f  th e se  data. T h e  eS c ie n c e  
approach used w ill allow  us to easily extend HOPE w ith  
m ore W eb  services, data sources, and D A S pred ictions  
w h en  th e se  b e c o m e  ava ilab le . In th e  years to  co m e  
H O PE can be ex ten d ed  w ith  the p ossib ility  to  analyze  
d ou b le-m u tan ts, to  q u antitatively  score  th e  structural 
effects o f the m utation  and thereby provide the possib i­
lity to  autom atically  rank candidate m u tations that are 
the resu lt o f  a seq u en ce project, or to  further im prove 
the already user-friendly HOPE user interface.
Methods
T he H O PE system  is sch em atica lly  sh ow n  in  Figure 5 . 
T he individual e lem ents o f  h is schem a are described in  
the rem ainder o f  this section.
T he H O PE w ebsite  is im p lem en ted  using the W icket 
h ttp ://w ick et.ap ach e.org / w eb fram ework, w hich  allow s
us to  provide a flu en t and resp on sive  user experience. 
T he w eb application  is dep loyed  on  the G lassF ish  w eb  
application container https://glassfish.dev.java.net/.
H O P E  o b ta in s  in fo rm a tio n  from  d ifferen t so u rces  
beyond our control. Therefore, the data gathering is set 
up as fail-safe as p ossib le to  handle service unavailabil­
ity . D ata  is  ca ch ed  to  sp e e d  up  th e  p r o c e ss , red u ce  
d e p e n d e n c ie s  and  to  p u t le s s  s tra in  on  ex tern a l  
re so u rces . T h e  d a ta -r e te n tio n  tim e  is 30 days, after  
w hich tim e the data is renew ed at the m om en t som eone  
runs an analysis on  th e  sam e seq u en ce . T h e database  
sch em e (available at the “about" sec tio n  o f  th e  H O PE  
pages) is the result o f  an iterative design  process using  
b oth  Java and H ibernate to  m anage all data and to  cre­
ate th e  database tab les. T h e database en g in e  is P ost-  
greSQL version 8.4.
T he M RS BLAST version  4  W eb  serv ice  is u sed  for 
m ost database searches w ith  an e-value cu t-o ff o f  1e-5  
and th e  lo w -c o m p le x ity  filter  sw itc h e d  o ff  [1 8 ].
BLAST
Data
collection
(PostGresQL)
Decision
scheme
(Groovy)
WHAT IF calculations
Uniprot annotations
HSSP conservation scores
DAS-server predictions
Homology Model 
(YASARA)
PDB-file
Phobius
PHDsec
PHDacc
NetPhos
Building report
CMBI-Wiki
Images/Movies (YASARA)
Figure 5 Detailed overview of HOPE's components. HOPE's input consists of the sequence and the mutation. The sequence is used for a 
BLAST search against the databases. Using the accession code (and PDB-file if available) HOPE can collect information from a series of 
information sources: WHAT IF calculations on the PDB-file or homology modelbuilt by YASARA, annotations in the Uniprot database, HSSP 
conservation scores and sequence-based predictions by DAS-servers. The information is combined in a decision scheme and a report is 
generated. This report is illustrated with pictures and animations and difficult keywords are linked to our own online dictionary.
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T his W eb service http://m rs.cm bi.ru.nl/m rsw s/blast/w sdl 
is backed by an in -h o u se  im p lem en ta tion  o f  th e  sta n ­
dard BLAST algorithm . C lustalW  version  2.0.10 is used  
for seq u en ce a lign m ents [19]. C lustalW  is also offered  
as a W eb  serv ice  th rou gh  MRS h ttp ://m rs .cm b i.ru .n l/ 
m rsw s/clustal/w sdl.
W H A T  IF W eb  serv ices, access ib le  via h ttp ://w iw s . 
cm b i.ru .n l/w sd l/, are used  to  calculate secondary struc­
ture (using  D SSP [2 0 ]), access ib ility  values, structural 
fits  o f  m u ta tio n s , c o n ta c ts  w ith  lig a n d s or io n s , sa lt 
b rid ges, d isu lfid e  b rid ges, and h y d ro g en  b o n d s [2 1 ]. 
T h ese  calcu lations are perform ed either on  the d ep os­
ited  PDB structure, or a h o m o lo g y  m od el. H o m o lo g y  
m o d e llin g  is  p er fo rm ed  fu lly  a u to m a tica lly  u s in g  a 
locally  installed W H A T  IF & YASARA T w inset [12 ,13]. 
T his installation  runs on  a separate server, and is co n ­
trolled through a Perl CGI script.
Sequence annotations are obtained from  the U niP rot 
database h ttp ://w w w .uniprot.org/[14] XM L records. The  
obtained inform ation includes sequence features such  as 
active site, m otifs, dom ains, variants and binding sites.
Conservation scores are obtained from  HSSP using the 
W eb service for w hich  th e W SD L is available at h ttp :// 
m rs.cm b i.ru .n l/h ssp so a p /w sd l. W h en  a PDB d ep osited  
stru ctu re is available, th e  p re-ca lcu la ted  H SSP scores  
m ain ta ined  at the CM BI are used . In case a h om ology  
m o d e l is ava ilab le  a D SSP  file  is g en era ted  for th e  
h o m o lo g y  m o d e l, w h ic h  in  tu rn  is u sed  to  crea te  a 
H SSP file. In case no  structure or m od el is available, a 
HSSP file is generated using only the user sequence.
D istributed A nnotation  (DAS) servers [15,22 ] are used  
to  obtain  pred ictions regarding transm em brane regions 
by Phobius [23], accessibilities by PH D acc [24 ], secon d ­
ary structure by PH D sec [24], and phosphorylation sites 
by N etP hos [22].
T h e d e c is io n  sch em e  is im p lem en ted  in  G roovy, a 
d yn am ic  la n g u a g e  th a t ru n s on  th e  Java V irtu a l 
M a ch in e  h ttp : //g r o o v y .c o d e h a u s .o r g / . T h e  s im p le  
G roovy  lan gu age en ab les  o th er  u sers to  d esign  th eir  
ow n  d e c is io n  sc h e m e s  and run  a sp e c ific  v e r s io n  o f  
H O PE for their ow n purposes. T h e d ecision  sch em e is 
divided into separate branches targeted tow ards certain  
aspects o f the m u tant analysis, each producing a para­
graph or sub-report. T he decision  schem e logic is sepa­
rated from  the phrases used to com pose the report, for 
a c lea n er  sep a ra t io n  in  co d e  and  to  a llo w  for  
internationalization.
T h e H O PE  rep ort is p resen ted  on  a se lf-c o n ta in e d  
w eb p age, a llow in g  th e  u ser  to  save th e  page w ith o u t  
breaking links and im ages. T he user can bookm ark the  
URL to  p erform  th e  sam e m u ta n t an a lysis  at a later  
p o in t in  tim e, in corp oratin g  any n ew ly  available data. 
T h e o u tp u t w eb  p ages are in ten d ed  to  be free from  
b io in fo rm a tics  jargon . A n  o n lin e  d iction ary  b ased  on
M ediaW iki's software http://w w w .m ediaw iki.org/ is used  
to  exp la in  b io in fo rm a tics-sp ec ific  term s. JavaScript is 
used to link keywords on the w ebpage to articles present 
in  th e  loca l M ed iaW ik i in stan ce. T h is  fu n ction a lity  is 
available at any tim e via th e  o m n i-p resen t b lue h elp -  
button . Im ages and m ovies in  the report are generated  
using the YASARA & W H A T  IF Twinset.
Availability and Requirements
T he full description o f the design and im plem entation o f 
the HOPE server is available from  the "about" section  o f 
th e  H O P E  p a g es. H O P E  can  be u sed  free ly  and n o  
licen ses are required. T he sou rce code has b een  m ade  
open  source and can be freely obtained from  the HOPE  
w eb site . H O PE u ses  Java, G roovy , and P ostgreSQ L ; it 
has been im plem ented  on a Linux system  w hile care has 
been taken to avoid system  dependencies.
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